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Purification and Optimization of NDM1 Proteins 
Brandon M. Wills 
Augustana College 
Biosciences Division 
 
New Delhi metallo-beta-lactamase-1 
Gene found in some bacteria 
First discovered in New Dehli, India 
Crystalline structure is known 
 
 
 
 
Background on NDM1 
Source: The Lancet, Kumarasamy et. Al, 2010 
Carbapenemase production 
Few antibiotics available today for treatment of 
NDM1 
Inhibitors could offer a potential solution to this 
problem 
 
 
 
 
 
 
Background on NDM1 
Colistin GlaxoSmithKline 299423  
About the Study 
Location: 
Conducted at MCSG in the APCF 
 
Goals: 
Crystallize NDM1 protein that contains an 
inhibitor in the binding site 
 
Potential Application: 
Pharmaceutical companies & drug development 
 
 
 
 
 
 
 
  
  
NZ218 inhibitor 
NDM1 Δ36 
 NY binding sites 
 (Purple) 
Kim et. Al, 2011 
Procedure Overview 
Obtain Bacteria 
 
Grow Small Culture of Bacteria 
 
Grow Large Culture of Bacteria 
 
Harvest Proteins  
 
Purify with IMAC I 
 
Collect Pure Proteins  
 
Run Gel (Expression, Solubility, Uncut) 
 
Add TEV 
 
Remove His-tags with IMAC II 
 
Run Gel (Cut vs Uncut) 
 
Size Exclusion Chromatography 
 
Crystal Buffer Exchange 
 
Concentrate Proteins 
 
 
 
 
 
 
 
 
 
 
Freeze proteins in 
liquid nitrogen for 
later use 
Set up crystals in 
hanging drop 
 
Optimize growing 
conditions 
 
Obtain large crystals  
 
Use X-Ray 
Crystallography to 
look for inhibitor 
Cloning the Bacteria 
• Received E. coli from Robert’s cloning laboratory 
NDM1 gene 
TEV 
6x His tag 
Origin of Replication 
β-lactamase 
28KDa 
251 Amino 
Acids 
Growing Cultures 
Growing Small Cultures 
 
Add to 2L pop bottle: 
MilliQ H2O (980 ml) 
MD4500A (M9 Salt + NIAAC) 
Mineral Supplement Solution 
(10 mL) 
50% Glycerol (10 mL) 
Amp + Vitamins Solution (1 
mL) 
 
 
 
 
 
Step 1 
Place in incubator to 
pre-warm 
37°C, 200 RPM  
Step 2 
Step 3 
Aliquot  solution (50 mL) into 
labeled 250 mL plastic bottles 
Use a P200 Micropipette to transfer 
100µL of bacterial culture from 
Robert’s Lab into each 250 mL bottle 
Step 4 
Step 5 
Place bottles in the incubator 
overnight 
37°C, 200 RPM  
Growing Large Cultures 
Step 1 
Add to 2L pop bottle: 
MilliQ H2O (980 ml) 
MD4500A (M9 Salt + NIAAC) 
Mineral Supplement Solution 
(10 mL) 
50% Glycerol (10 mL) 
Amp + Vitamins Solution (1 
mL) 
 
Add 35 mL of overnight culture 
from the small bottle to the 2L 
bottle 
 
Step 2 
Step 3 
Place bottles in the incubator 
Grow at 37°C, 200 RPM until an 
OD value between 0.8 and 1.2 is 
reached 
Step 5 
Step 4 
0 
Cool down to 18°C  by placing in 
incubator for 45 minutes 
Add 500µL of MD045003E (IPTG solution) to 
each bottle 
Step 6 
Grow cells in incubator overnight 
18°C, 200 RPM 
Collecting Cells 
Weigh out centrifuge bottles on 
a balance and record mass 
Once recorded, pour out the 
culture into centrifuge bottles 
 
Centrifuge for 20 minutes at 4°C, 
4,500 RPM making sure to balance out 
the centrifuge 
Pour our supernatant in a container 
filled with bleach 
Repeat until all overnight culture has 
been centrifuged   
Step 7 
Step 8 
Step 9 
Step 10 
Step 10 
Shake containers in the 
incubator until cells are fully re-
suspended 
Re-suspend the centrifuged 
cells in lysis buffer 
Weigh centrifuged bottles to 
determine mass of cells collected 
Step 11 
Collect re-suspended cells in 50 
mL tubes 
Step 12 
Store re-suspended cells in the 
-80°C refrigerator until ready  for 
harvesting 
Purification Prep 
Thaw frozen tubes by placing them in 
an ice bath 
Add 700µL of Lysozyme (50 mg/ml) 
Run sonication to break cells open 
and then collect the supernatant 
Sonication Filtration 
Centrifuge sonicated samples for 1 hour at 13,000 
RPM 
Collect supernatant using a syringe with an attached 
filter and expel the filtered liquid into a labeled falcon 
tube 
ÄKTAxpress Buffers 
Buffer A: Desalting Buffer 
4L  
1,000mL 4X Buffer 
3,000mL MilliQ H2O 
2800µL beta-mercaptoethanol 
 
 
Buffer B: Elution Buffer 
2L 
500mL 4X Buffer 
200mL of 2.5M imidazole 
1300mL MilliQ H2O 
1400µL beta-mercaptoethanol 
 
Buffer C: Lysis Buffer 
4L 
1000mL 4X Buffer 
32mL of 2.5M imidazole 
2,968mL of MilliQ H2O 
2800µL beta-mercaptoethanol 
 
ÄKTAxpress 
ÄKTAxpress 
Lysis 
buffer 
Desalting buffer 
Elution 
buffer 
Running the IMAC I Program 
The IMAC I program on the 
ÄKTAxpress uses column 
chromatography to separate 
the proteins we want from 
the proteins we do not want 
IMAC I Diagram 
His-tagged 
proteins 
Other 
Proteins 
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His-tagged 
proteins 
His-tagged 
proteins 
Other 
Proteins 
W
as
te
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s 
The proteins travel down 
the nickel column, where the 
his-tagged proteins are 
bound due to their high 
affinity for nickel  
The other proteins that do 
not have the his tag fall 
through the column and are 
collected in waste beakers 
Running the IMAC I Program 
IMAC I Diagram 
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His-tagged 
proteins 
His-tagged 
proteins 
Other 
Proteins 
P
u
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Elution 
Buffer with 
imidizole 
64 Well 
Greiner Plates 
The imidazole in the buffers 
elutes the his-tagged proteins 
off of the nickel column 
The purified proteins are 
then collected in 96 well 
deep well plates 
The proteins then travel 
through the desalting 
column, which removes any 
remaining imidazole from the 
proteins 
Collect Purified Proteins 
Other Proteins 
A 
B 
 
A 
C 
 D 
E 
F 
G 
H 
aa1 a2 aa3 4 5 a6 7 a8 aa9 a10  aa11 a12 
Deep well plate with purified 
proteins 
Proteins are collected based off 
of a pooling protocol generated 
by the ÄKTAxpress  
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Removing the His Tag/Concentrate Protein 
Procedure 
1. Collect 20µL of the protein to use for 
protein gel (uncut sample) 
2. Use NanoDrop to record concentrations 
of the uncut proteins 
3. Calculate the amount of TEV needed for 
mg protein 
4. Deposit proper amount of TEV into the 
tubes 
5. Mix gently and store the tubes at 4°C 
overnight to allow the TEV to cut   
Protein Data 
NDM1a NDM1b NDM1c NDM1d 
Concentration 6.39mg/ml 8.50mg/ml 7.41mg/ml 7.13mg/ml 
Vol. of TEV 
Calc: 600µL 
Actual: 1000µL 
Calc: 800µL 
Actual: 1000µL 
Calc: 700µL 
Actual: 1000µL 
Cacl: 650µL 
Actual: 1000µL 
Vol. Collected 18mL 17mL 17mL 17mL 
P.I. Value 5.79 5.79 5.79 5.79 
EC Value 1.100 1.100 1.100 1.100 
Total mass 115mg 144mg 126mg 121mg 
Protein Gel (Expression, Solubility, Uncut) 
Lysozyme 
MW 
1
E 
1
S 
1
U 
2
E 
2
S 
2
U 
3
E 
4
U 
3
S 
3 
U 
4
E 
4
S 
250KDa 
150KDa 
100KDa 
75KDa 
50KDa 
37KDa 
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15KDa 
10KDa 
28KDa 
Running the IMAC II Program 
During IMAC II, the mixture 
of NDM1 proteins, cut his 
tags, and TEV go through a 
similar process as in IMAC I 
IMAC II Diagram 
NDM1 
Proteins 
His tags and 
TEV 
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His tags and 
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His tags and 
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This time, the his tags and 
the TEV are collected on the 
nickel column while the 
proteins fall through the 
column  
The purified proteins, still in 
lysis buffer,  are collected in 
96 well deep well plates 
Run Gel (Cut vs. Uncut) 
1U 
 1C 
2U 
 2C 
3U 
 3C 
4U 
 4C 
250KDa 
150KDa 
100KDa 
75KDa 
50KDa 
37KDa 
25KDa 
20KDa 
15KDa 
10KDa 
28KDa 
Concentrating 
Protein 
Size 
Exclusion  
1. Collect and pour protein from 
IMAC II into a tube containing 
a filter with a 3,000 dalton 
size cut-off 
 
2. Centrifuge down to 1mL and 
then discard the flow through 
 
3.  Collect concentrated protein    
and load on to a 16 by 60 
Superdex 75 low size exclusion 
column on AKTAexpress 
 
4. Run Size Exclusion Program  
 
 
 
Size exclusion to remove 
impurity shown at 14KDa band 
 
Collect protein and place in 
new concentrator 3,000 dalton 
size cut off, pre-rinsed tube and 
concentrate (see table below) 
Conc 
(mg/ml) 
Vol. 
NDM1ab 7.6 200μL 
NDM1cd 6.2 200μL 
Crystallizing the Proteins 
 
1. Pipette 500μL of 
solution into a 24 well 
linbro plate with jelled 
rims 
 
2. Spray off cover slip and 
pipette 1μL of solution 
onto the slip 
 
3. Pipette 1μL of the 
NDM1 protein that has 
been mixed with the 
inhibitor into the 1μL 
drop 
 
4. Invert the slip and use it 
to seal the pre-jelled 
well 
 
Cover slip 
Protein + 
solution 
Vapor Diffusion 
Crystal Growth Phase Diagram 
Crystallizing agent concentration 
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Optimization Results 06/08/15 
Well A4  
 
 
2.1M Ammonium 
sulfate 
0.150 M Malic Acid, pH 
5.0 
10% 1,2 propanediol 
 
Well D6  
2.3M Ammonium 
sulfate 
0.150 M Malic Acid, pH 
5.0 
13% 1,2 propanediol 
 
Other Optimizations Tested 
06/09/15 
 
0.1,0.15,0.2,0.25M 
pot/sod 
21,22,23,24,25,26% 1,2 
propanediol 
10% Glycerol 
4mM final volume 
inhibitor 
06/16/15 
 
0.1,0.15,0.2,0.25M pot/sod 
21,22,23,24,25,26% 1,2 
propanediol 
10% Glycerol 
4mM and 6mM final 
volume inhibitor 
 06/24/15 
 
0.5,0.6,0.7,0.8,0.9,1.0M 
aluminum chloride 
20.5,22.5,23.5,25.5 4k  
0.010M ZnCl 
4mM final volume 
inhibitor 
• Larger crystals 
• Still no inhibitor  
• Density in active site 
 
Conclusions 
• Continue to optimize NDM1 proteins 
• Screen for different conditions besides Ammonium 
Sulfate that can grow crystals 
• Trying other inhibitors 
• Trying inhibitors in powder form instead of in DMSO* 
• Use X-ray crystallography to search for inhibitor in the 
active site 
Future Work 
Well G1 
07/20/15 
 
5mM ZnCl2 
NZ218 Powder 
 
0.2M sodium 
phosphate dibasic,  
20% peg 3350 
 
12mg/ml protein 
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